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(a). Applizathiliyy. This technical standard
order prescribes theZminumum performance
standards that lithium sulfur dioxide (LiSGg)
Ibbfterias busst meet ta be identified with the
applicable TSO marking. Batteries that are to
be so identified must meet the requirements of
the “Federal Aviation Administration Stan-
dard, Lithium Sulfur Dioxide Batteries’ set
forth at the end of this section.

(b). Marking. Each battery must be marked
in accordance with $37.7 and must be marked
with the month and year of manufacture and the
date on which it must be replaced. In addition,
each cell and battery must be marked with the
phrase, “ILiS@, BATTERY CAUTION:
PRESSURIZED CONTENTS; NEVER
RECHARGE, SHORT CIRCUIT, OR EXPOSE
TO TEMPERATURES ABOVE 70°C (1583F)".

(). Data requirementts. In accordance with
§37.5, the manufacturer must furnish to the
Chief, Aircraft Engineering Division, Office of
Airworthiness, Federal Aviation Administra-
tion (or in the aase of the Western Region, the
Chief, Aircraft Engineering Divisien) in the
region in which the manufacturer is located, the
following technical data:

(1) One copy of the battery limitations and
operating characteristics.

(2) Onecopy of theinstallation procedures
and installation limit&tions with applicable
drawings and specifications indicating al limita-
tions, restrictions, and conditions pertinent to
the installation.

(8) One eopy of the manufacturer’stest
report. §

(4) One eopy of the Master Drawing List of
the battery, including identification of all draw-
ings and applicable revision st&tus and all pio-
cess specifications and revision status.

(5) Battery data sheets specifying, within

the prescriibbed range of environmental condi-
tions, the actual performance of batteries of
that sypa with respeet to each performance fat-
tor presettibed in the applicable standard.

(d) Data to be jfummtished with mewufinttvet
unis.

(1) One copy of the data and infermation

specifiedinparagraphs( c) (| ), (cxz)md(cxa)d

this section must be furnished to each person

receiving for use one of mor e ar ticles masuddc-
tured under this TSO.

(2) 1f acell vents firom any Of the testd rea
quired by the Federall Aviation Administration
Standard, Lithium Sulfur Diexide Batteries, ex-
cept those of $§T-1 and T-2 of Appendix B of
the standard, one copy of the data must be fur-
nished to each person receiving for use o6ne or
more cells manufactured under thisTSO which
will alow that person to design-

(i) A receptacle to -comtain the
simultaneous viol ent venting of explosing of «&
cells within the battery; and

(i) Provisions far venting overboard the
gaseous pratliees of the explosion.



FEDERAL AYIATION ADMINSITRATION STANDARD
LATHIVM SULRLR DI0XIDE BATTEREES

1.0 Gehnersl.

11 This standard applies to edlls and batteries of a
nonaguous LiSO} type. Batteries may consist of asingle cell,
cells connected in series or in parallel, or both, to Blitgin the
nenesseay output for the intended appllcatlon Definitions
for termsused in this standard are set forth in Appendix A
of this standard.

2.0 Minimam Performance Under Standafd Conditioms.

21 Cell Fo&tion. Cells in a nmlkikall battery or packs of
mote than one battery may not be connected in pudiiel
unless provisions are made to prevent individual cefls from
being exposed to charging voltages greater than the eell’s
nominal open circuit vohage. When five or more eells sre
reconpetesliin-seties, escihabiimustbe pretecitad hylaahunt

dlode

2 Callloownection. All electridsl eonnetiions bergesn
eells in a bettery must be ssilideed, welded, or brazed in
Sarvkaree with ab spypbved  proeess specifibatian.

2.3 Sufety Reliej:

231 Saféty Relief-Mechemiem. Each cell used in the bat-
tery must incorporate a safety relief mechanism that will
relieve internal pressure at a value and rate which will
preclude venting violently, or explosion. The safety relief
must operate at 8 temperasiire below 130°C in accordance
with §T-1 of Appendix B of this standard.

232 Distharye Mefidls. |f a cell vents during any of
the tests requited by $§3.2, 3.8, 34, 3.5, 3.6, 3.7, 3.8, 3.9,
and 3.10, the data requirements of §37.208 (dX2) must be
met.

24 Puapsilation. Encapsuldtion of the bettery may
not be used unless it is déeonstratad, in ascorsianm With
$Er il BrahHthissitandard,
galsition does not inhibit the functioning of the &ifetp rélease
nnesRanism or cause the bdtiery to overtieat.

i 25 Sed. E&h cellpust be betmthully sealed. The
tmd&rmm

Bl e o ﬁé?‘&?‘ﬁ&ﬁ%‘mﬂuéﬁﬁe’

2.6 Curremt Limiting Pwultetiéon. The battery must
have a current limiting device. This device must limit the
current that can be drawn from the battery to a value lower
than that which it was subjected to in §$3.8,3%, and 3.10 of
this standard, and must be an integeal part of the battery
and not susceptible to shorting or any failure causing the
device to be bypassed.

2.7 Usefiil life. The usefful life of the battery may not
exceed 4 years unikss demonstrated. The useful life must be
demonstitatetl at a minimum temperature of 40°C. When
tested at periods in excess of 4 years, the bettery must
retain 80 percent of its ampere-hour capacity as
demonstrated in accordance wit); §T-5 of Appendix B of th&
standard, and meet the requirements of §§2:9,2211%), and all
sections under $3.0 of this standard.

2.8 Ezaminahon of Prodwit. When segiied, sebse=
quent fo a test reguited by §3( of this standard, each of the
cells must be visually examined. Special emphasis must be
placed on observing signs of leakage and overal| appeassawe
of the safety relief feafure:

2.9 Ogen Circuit Koltdge. Open eircuit voitage of the
bettioryymustiecmeasured and be within 35 per cent of its
specified value, and the pallrity must be correct.

2.10 Cijpid®y. The variation in bsticdy cgpsci may
nbt Var more than #I® percent when compared wi. | the
capacity as demonstrated in asocorlase with §F~c of
Appendix B of this standard.

$.0 Miimum Performamce Stamdurds Under
ERvirsiaebital Conditions.

8.1 General Excapt as provided in §§36, 3.7,38, 3.9,
argk-3.00pfl thiststeindand,) tetcdesignif therbettsrnmesvbe
gich that sulisesent to the application of the dppdified tests,
no condition may exist that would be to the
cuitimed peffarnuee of thebatbery. Thesame DALt ery
sttt used for the fdllosringgetsoard Heset Gattsmisit-be
performed in this eidec §§X12, 3.3, 34, 315, and 3.6.

32 Skt Irae. Wmmaum
table by a secure device. The shonl W&
machine must be eapable of inrating to the battery a serif
of calibrated shock inadses. The shock impulse walvefoytfi
must be a Indifsine pulse whose distortion at any point on thth
waveform may not be greater than 15 percent of the peak
vaue of the shock puke. For the purposes of this section,
dutation of the khotk impdise is specified with reference to
tirctenogpoinita bf thi ledlibdine wavey and istlockolomes are
spectfeed in terms of peak amplitude G vadbes. The shock im-
pulseTLIST  bemeasured usinga calibrated acoslerometar
and aSkotiered instminenttatiion having a 3dB response over
a range of st least § to 250 Hertz. The shock test must be
conducted as follows:

; zicinsucha

mmaﬂm:maﬁbswwsﬂmknmmmh
diticcSari Gircessivdly-aibpg ke rthyet vantually ortregepal
axes of the battery.

() Apply a %mm_:ﬁheofdmn 8&2
niilliSi¢onds to the battery in adlimection coincident with the
first orthogonal is.

() Reset the activation mechanism .

— i

@ Repen.t ‘the pmeedms specified in ssaz(b) and (c)
i impplaehock Saxiahdiren] -

) o R Gy-oo =4 Y ]

3.3 VibrativnMThehattery must be secured to a
vibration table so that sinusoidall vibr atory motion casr be ex-
erted parallel to one of the three y@jor atthogonal @xes of
the battery. The battery must be affixed to the vibration
table by the means specifies by the equipment manufacturer
for service installations. The vibration frequency must be
varied at a rate not to exceed 1.0 oc@ve per @imite. The
vibration must exhibit a constant togal exsnfsion of 2.5mm
from 5 Hie#tz to the frequency at which an acceleration of 7G
(zmzortepedk) is reached and from that frequency to 2,000
Hertz at a constant actélextion of 7G. Continue the vibra-
tiom for anminimum off 1Seur. The tests describediimtis
section must be rppedted with the vibr&oty motion being
applied along each of the other/major axes of the eell.

34 Temperatere Cyck T The hetperyumitiidn dub-

Tiectesttchianieeteaperature)
rasadaSamatec! 5° § 2Voperrhintte GO\ Adopperetur: of
8t leldt +71°C, ifid this t¥mpersture @dihGained for a
periadof @ halrar AL the dcholt periddthe tesSdainber

teturnsd;-atef Bio of > Q@O @er
minute, to a temperature not greater than 465¢C, and this
temperatare must be maintained for 20 boufs. The
temperatare cycle must be hegpanted 5 times. After comple-
tion of the temperdtire cyde, the lm&exy must be retumed
to room temperature.

85 Altitude Tedt. The bsttery must be stored for 6
hours a an atmospheric pressure ofoTEm
altiitude of 15,000 meters ot 24° § $°C. The gresssure must
thencae icreased- tosacievel Presfure.
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3.6 Immersion Tesi—Salt Water. - After being immersed
in salt water (3.5 1+ 0.1 percent sodium chloride), with
terminals insulated, for a period of at least 15 hours, the
battery must be tested for leakage im accordance with §T-4
of Appendix B of this standard, nndnsetthement.s
of §$2.8, 2.9, and 2.10 of this iankiarti™

8.7 High Temperufuve Bttty Capacity Taa After 30
days of storage at a temyseraure of 716 | 296, the battesy
must be returned to room temperature and must be capable
Of delivering 90 percent of its ritad cgmi€) with no more
than £ 10 percent variation in cell capacity. The test must be
performed in accordance with §T-6 of Appendix B of this
stafNdd.

8.8 Rtvere Bisbiargre Test. The eell must not be fuse
protected, The eell must be disckmsged in series with an
external power supply at acurrent equal to that of the rating
of the fose used in the battery at a temperature of 240
3°C. The discharge must be maintained for atime co i
ding to the rated capacity of the battery that the cell will be
used in or until the cell has vented, The eell condition must
be noniteed for 24 hours after termination of reverse
discharge:

3.9 Forced Discharge Test. The battery must be
operative and have the fuse removed for purposes of this
tést. The test must be conduetizal pn (1) & bsttery that has not
beén dischargel, and (2) a bettdry that has completed the
high temperstamebattery sapiity test of $87. A Battery

must=bie éireall disglacigedet i carrend duldegual tothaitoff
thenating)of thefurelusedaioli the teittsrly adyar tetmperstate e
nadghesiter thet -20%C isothemmallly for a period éryespoix
ding to the redsd capacity of the battery. The battery condi-
tion must be manitated for 24 hours after the retéd capacity
of the battery has been reached.

8.10 Total Discharge Tat. The battery must be
operative and have the fuse removed for purposes of this
test. The battery must be discharged at a temperature of 24®
£ 3°C at a current level equal to that of the rating of the
fuse used in the battery for a period corresponding to the
it capacity of the battery. Immediately theredfter, a
direct short must be placed and |eft acnoss the battery ter-
minds. The battery condition must be tonitbred for 24
hours &fter the direct short has been spplied.

APPENDIX A
The félowing definitioms of terms are applieshle to the
Lithium Sulfur Dioxide Batteries Standard.
1.0 Définitiome. F 0 r purpisses?safftthissstandard), tthe
followiing dédfitiitioms apply:

“TCypaitDi™® means the total amount of electrical energy,
measured in ampere bours, that a cell can generate.

“Cell” mean8 an individual electtrocthemical unit.

“Hermetic sealed cells’ mesans that each cell is seaded in
suehimanmet thovern e isstfuHifo b tho ekl e réssao
loss of gaiseous or solid material from the cell.

“Venting” means the controlled release of the electrolyte
or any chemical reactamt products, or both, fesm a cell.

“Venting violently” means the rapid uncontrolled
dilsthiarge of either harmful gases or liquid, or both, from a
cell aocomphdhied by the generation of heat.

APPENDIX B
The following test procedures give details for
demunsstating that the reguisensnis of the Lithium Sulfer

Dioxide Batteries Standard are met.
T-l Vertifiestion of sifity relief mechanisin (§23.1),

Equipment Required:

Calibrated iron constantan thermobocple, socaigte 1o
within £ ¥eC.

Electric heating tape.

Rexording potentiometer. !

A S A

Test proxadute:

a. Attach a thermocouple to the surface of the metal cell
case under test and attach the thermocouple to the recording
potentiometer.

b. Wnpﬂwummfereneedﬁnceﬂ notmgt.he
ends, with the electric heating tape. -

c lmd:etemmofﬂue&ntﬁwnuof
10° £ 8°C per minute. - - e Etr

d. Continuously momtorthe tanpu:umofﬂnedluse
and record the temperature at whchtheedl(s) vent.

T-3 Opeumofuletynlh!in ate
(§2.4). '

a Expose the battery to environmental eomﬁtmm\ndhnﬂ:
will cause the battery t vent (eg., high temysemssre or
direct short with the current limiting device inoperative).

b. The operation of the safety relief mecinanisns and the
encipsulatiion should bi observed.

¢. Detemmiive that the encapsulation material does not
eause the battery to vent in a manner different than that of
the cell tested in §T1,

T-3 Heat trunsfer properties aftfhe emcapsulation
materiall (§24).

Equipment Required:

Two calibrated thermocouples aocakate to £ 1°C.
Fwo recording potentiometers. .

Test Procedure: .

awAtschabad winnrencapsytutdd tattiyt slith-the diie
renvved/ erhioly lwilt [dvaw | ol iosent -egial e thémijere
ratingjof theffuze udediimtirectutteny.

b. Attach a loed toaniidentical battery withblit@nckgsula-
tion and with the fuse removed which will draw a current
equal to the ampere rating of the fuse used in the battery.

¢. Continuously monitor the temperature of both batteries.
The room ambient temperature should be 24° ¢+ 8°C.

d. Connnueﬁsetutunﬁlthzmbmmdtbeeell
is reached.

T-4 Héemttic atal teat ($2.5).
EquipmentReguirdd:

Temperaturescotrtoidlied oven.

Sadbdgacuratectoinmilligram).
TestProvadwrer

a. Weigh each céll under test.

b. Piace each eell in the temperstirecurtrolied Gven.
¢. Raise the temperature to VY.
d. Maintain this temperature for 80 day&.
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. Laenr the tenmuttatiize o dridvietit.

f. Remove the cells and weigh each el

g. Compate the weight of each e€ll with the weight before
the test,

T5 Ueeful life (§2.7).

Epigprmantt Reaguinieit:
Temperaturescontoolled oven.

Taat Procedure:

& Phae each battery in the tempsesaterecootrolied oven,
smalls pointed down b that the sedl is cOwered by the elec-
trolyte.

b. Rifise the temperature to at least 40°.

€. Maintaiin this temperature for 4 years plus the addi-
tional time for which wsful life is desired to be
demonstrated.

- d. Lower the temperature and remove each battery.

€. Messure the remaining capacity of the cell in seeor-

dance with §I-6 of this Appéndix.

T-4 Battery Caspasidy (§2.09).
Equipment Required:
Resistive load.
Data recorder.
“Digital printer. -

Digital voltmeter.

Test Procetiseve.

a. Attach a fesigtiw bad to the battery under test which
will initidly draw a current equivalent to the value of the
fuse used in the battery in which the eell under test isto be
usetl.

b. Monitor the voltage time until the end-voltage of the
battery reaches 0.5 volts.

¢. Caleulate the cell capacity ustng the timed averaged
voltage method. The formulafor this method is

V.1 E (V'_"_Vx*_ll(gl..,l_g‘)
©o jay

AH = 7 ko
Ry

where:
V & Time averaged vdh%e
mwmmﬂ inhayss

& Vallsgeatitinect]
Vj.] Voltage 8t time ti$} .
i~ Thnier irmitcars lst-weiith-V whas ineasired— :
tith = Timeirhoursarwitich ¥1))was-meastied - .



